Abstract: The weighted voting system used by the International Monetary Fund creates problems of democratic legitimacy since each member's influence or voting power is not in general equal to its voting weight. Using voting power analysis to analyse both the Board of Governors and the Executive Board, we show that it tends to enhance the power of the United States at the expense of all other members. We investigate the constituency system as a form of representative democracy, idealizing it as a compound voting body, and find that it gives disproportionately large power to some smaller European countries, particularly Belgium and Netherlands. We also find that many countries are effectively disenfranchised. Separate analyses are done for 2006 and 2012, before and after recent reforms, which have been billed as being radical, enhancing the voice of the poor and emerging markets, but the effects are disappointingly small.
Introduction

The governance of the Bretton Woods institutions (the International Monetary
Fund and the World Bank) is by means of a system of weighted voting. All member countries have a voice but cast different numbers of votes depending on their quotas (the IMF term for the country's financial stake), or their shareholdings (the term used by the World Bank). In the IMF each country's number of votes is determined by a formula that gives it a number of so-called basic votes that each country has plus a number proportional to its quota. 1 The rules require that all countries that are members of the World Bank must also be members of the IMF, and their shareholdings depend very strongly on their IMF quotas. It is therefore not necessary to make separate analyses of voting power for the two institutions and our findings about the IMF can therefore be taken as broadly applying to the World Bank also.
Weighted voting in the IMF is problematic because it results in a severe democratic imbalance with the distribution of voting power being massively biased against the developing and poor countries. This dominance by the industrialized countries has been criticised by the developing countries and others as leading the organization to adopt policies that have taken insufficient notice of the interests of those countries, especially the imposition of conditions on borrowers derived from extreme neo-liberal economics in the so-called Washington Consensus. (See eg. Buira, 2003 , Woods, 2006 .) The need for reform of the governance of the international financial organisations was accepted by all countries as part of the Monterrey Consensus agreed in 2002 and again at the follow-up meeting in Doha in 2008. Changes aimed at giving greater voice to poor countries and emerging economies have now started to be implemented and it is of interest to study how effective they are.
Besides this inequality in the voting arrangements -inequality that has historically been intended as part of the design of an institution on the principle that those who contribute most should have the most say -there exists a further bias, resulting from the use of weighted voting. The idea of weighted voting is that each country's voting power should be predetermined and that it should be proportional to its voting weight. However, a member's voting power is not the same as its weight:
its power is its ability to be decisive whenever a vote is taken -to make a difference to the outcome -whereas its weight is just the number of votes it has been allocated by the rules.
It follows that voting power is a fundamental property of the rules by which decisions are taken, together with the weights of all voters, and this can only be revealed by detailed analysis that looks at outcomes, using voting power indices, Because this important distinction is often ignored in practice, designing constitutions that use weighted voting often leads to undesired or unexpected consequences in terms of the distribution of voting power among countries.
The voting weights in the IMF are very unequal: the USA has more than two and a half times as many votes as the country with the next-largest voting weight, Japan. We use power indices to measure each member's voting power. The USA turns out to have much more voting power than weight. This disproportionality is another argument for reforming the weights in a more radical direction than has hitherto been suggested. More generally the lack of a direct link between power and weight adds to the case for decoupling the allocation of votes from both the provision of and access to finance.
Defenders of the present voting system claim it embodies democratic accountability if one accepts the principle that voting rights should be attached to the supply of capital. For example, when he was Managing Director Horst Köhler said: "I would also like to underline that still we are a financial institution, and a financial institution means you need also to have someone who provides capital and I think there is a healthy element in the fact that the provision of capital and voting rights is, in a way, combined, because this is also an element of efficiency, of accountability."
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The distorting effect of weighted voting that we describe below makes this claim far from being true.
As a general principle weighted voting is an attractive idea because it offers the prospect of designing an intergovernmental decision-making body that could have a real claim to democratic legitimacy -for example, in an institution of world government where a country's voting power reflects its population. We will use the method of voting power analysis to explore the relationships between the voting weights, the decision rule and the resulting voting powers of the members. This requires us to analyse all the voting outcomes that can occur, and investigate the ability of every member to be decisive, to be able to decide whether the vote leads to a decision or not. We will use voting power indices to compare the powers of different members.
Our principal finding is that the voting power of the USA is far greater than its voting weight. That is, its actual power over decision-making far exceeds its nominal voting power. We also use the method for two important analyses: first the effect of the ad hoc increase in voting weight that occurred in 2008 for four emerging economies (China, Korea, Mexico and Turkey) that were previously very badly unrepresented, second the more radical reforms agreed at the Singapore meeting in 2008. Secondly we consider the Executive Board as a representative body in which the directors are elected by constituencies of countries by majority voting. We find that the constituency system considerably enhances the power of certain smaller European countries, especially Belgium, the Netherlands and Switzerland.
We begin with an outline of the principles of voting power analysis in the next section. Then in section 3 the system of governance of the IMF is described, in sections 4 and 5 we present the analyses of the Board of Governors and the Executive Directors, in 6 we consider the voting power implications for treating the constituency system that underpins the Executive Board as form of democratic representation assuming formal voting within constituencies.
Weighted Voting and Voting Power Analysis
A country's voting power is its potential to be decisive in a decision taken by vote, measured by the probability with which it can change what would otherwise be a losing vote to a winning one. In general this has a rather imprecise relation with its weight. In reality its power depends on all the other members' weights as well as the voting rule by which decisions are taken. A case that shows the issue starkly is that of the European Economic Community which also employed weighted voting in the council of ministers: the distribution of voting power among the six members was far from proportional to voting weight between 1958 and 1972. See Leech and Leech (2005b) for the details. (Brams and Affuso,1976 , were the first to show it.)
By considering all possible voting outcomes the method of power indices is technically that of a priori voting power: each member's power index is its decisiveness as a fraction of the theoretically possible outcomes without regard for the likelihood of their occurring. The method can be thought of as an analysis of the implications for power of the voting rules, considered in the abstract, as giving what can be called constitutional power 3 . Probability calculus is used as a tool for calculating the power indices. Technically the probability of a voter being decisive is the Penrose index (also known equivalently as the Penrose measure, Penrose-Banzhaf index, Absolute Banzhaf index). This is a measure of the a priori probability of the voter being decisive and is the simplest index for the purpose. Other power indices 3 No consideration is given here for the members' preferences, which would determine the likelihood of particular members voting in the same way as each other, which would produce an analysis of empirical voting power. Some coalitions look less likely than others from a game-theoretic point of view. Such an analysis is beyond the scope of the present study.
could be used, but we take the view that the superiority of the Penrose-Banzhaf index is established on both theoretical and empirical grounds. See Felsenthal and Machover (1998) , Leech (2002c) for a comparison with the other so-called classical power index, the Shapley-Shubik; see also Coleman (1971) . However since our purpose is to investigate changes in relative voting power among the member countries, we use the normalized version, generally known as the Banzhaf index (or Normalised Banzhaf index), that has the property that the indices over all the voters sum to one, and therefore it provides a distribution of voting power. We will refer to values of this index as voting powers.
Voting power analysis will be used in two ways. First it will be used to analyse power relations in the existing governance structures of the IMF, the Board of Governors and the Executive Board, and also the effects of recent reforms. These will be the main empirical results of the paper.
Second, we also use it to study the properties of indirect or two-level voting procedures implied by the IMF constituency system where countries are placed in a series of groups, each containing a number of members, where each group's Executive Director casts all its members' votes en bloc in the second stage the Executive. The Penrose index described above provides a simple methodology for doing such analysis, since any member's (indirect) power index is simply obtained as the product of the two relevant power indices in the two stages, each of which is an independent probability. These absolute indices are then normalized to sum to one as before to provide a distribution of indirect voting power for this voting body. The theory is described in Leech and Leech (2006) ; the method in terms of game theory is presented in Owen (1995) .
This method follows that proposed in Coleman (1973) It is customary for official spokespersons to say that decisions in the Executive are normally taken by consensus and formal votes are avoided. However 4 The rules are laid down in Schedule E of the Articles of Association. They state that, in order to be elected, a director must receive at least four percent and no more than nine percent of the eligible votes. If the number of directors elected by this procedure is less than the number required, then there are further ballots with voting eligibility restricted to (i) those members who voted for a candidate who received less than four percent and (ii) those members who voted for a director who was elected but whose votes are deemed to have taken the votes for the director above nine percent. 5 The voting weights as proportions vary slightly between the Board of Governors and Executive Directors because of differences in participation in votes by countries with small weights.
this claim is not universally accepted, many writers pointing out that the absence of formal voting is not the same thing as consensus decision making. In practice decision making during a debate where there is contention involves the secretary informally keeping a tally of the weighted votes held by the executive directors who speak on each side according to the sense of their contribution, a 'consensus' being deemed to have been found when the required majority has been reached. Thus although a formal vote is usually avoided, the rule may be closer to weighted majority voting than consensus building. See Buira (2005) , Woods (2001) .
The American veto has always been an important aspect of the governance of the institutions, and continues to be so, the articles having been amended to increase the supermajority threshold for special decisions from 80 to 85 percent when the USA decided to reduce its quota. The existence of this veto power does not mean that the USA can be said to control the institutions, however. On the contrary, although it gives it absolute unilateral blocking power, at the same time it also limits that country's power because it equally ensures a collective veto for small groups of other countries. Formally, in terms of Coleman's terminology, while the supermajority rule gives the United States complete power to prevent action, it also limits its power to initiate action (Coleman, 1971) . Therefore its voting power -and its power index (which is an average of these two) -is limited. The existence of the 85 percent supermajority can be seen to give veto power to three other countries acting together (for example, Japan, Germany and France). The developing countries, if they acted as a bloc, or the EU countries, or many other similar small groups, obviously have a veto 6 . The 85 percent rule tends to equalize voting power. Taking the argument to its limit, the case of a unanimity rule (i.e. a supermajority requirement of 100 percent)
would give every member a veto and equalise power, making voting weight irrelevant. For these reasons the power analysis in this study considers only ordinary decisions that require a simple majority vote. Analysis of power under supermajorities has been made in Leech (2002a) . Quotas change when countries make the payments, which not all have done at the time of writing. 8 These power indices have been calculated using the computer program ipmmle (accessible online at www.warwick.ac.uk/~ecaae) which implements the algorithm for computing power indices for voting bodies that are large both in having many members and where the voting weights are large numbers, described in Leech (2003a) . For an overview of computing power indices see Leech (2002b) .
Voting Power in the Board of Governors
indices. Inequality is very high in 2006 and the reforms reduce it by very little .
Inequality in voting power is slightly higher than it is for weight. In so far as direct comparisons are meaningful, the results are similar to those for the Governors. We can make direct comparisons of power indices for the directly appointed directors, but they are not so straightforward for the elected directors because it is necessary to take account of the power distribution within the constituency. Some of the constituency directors can be thought of in the same way as the appointed directors because they dominate their constituencies, and therefore have the absolute power to cast the combined votes. They are -to use the language of the voting power literature -technically dictators within their constituency. 11 But others are elected and it is necessary to allow for the distribution of voting power within the constituency as well as the bloc vote cast by the elected director. We provide a fuller analysis of this feature of the Executive Board in section 6 below. Here we simply treat the Executive Board as a single weighted voting body.
11 The constituencies are formed endogenously during the voting process: they have no objective status in the rules of the IMF. Members are free to leave and join another constituency by voting for another candidate in the biennial election of the board. Although voting patterns and therefore constituency membership are stable over time, migrations do occur. For example Kazakhstan and Uzbekistan both changed constituency between 2006 and 2012, the former moving from the Belgian to the Swiss constituency, the latter from the Swiss to the Australasian constituency. (3) and (6) (1) and (4) are the country's weight share, (2) and (5) the combined constituency weight share of all countries in the constituency, the votes that the executive director casts, (3) and (6) voting power shares of the country within the constituency.
The Executive Board as a Representative Democratic Body
Executive directors have a dual role: on the one hand they are professional officers of the IMF who are permanently based in Washington, experts charged with designing and implementing policies that are supposed to be technically objective and politically neutral, and on the other they are either appointed or elected by member countries and therefore political representatives or delegates. The latter set of roles are our concern in this section: our focus is on the power relations between member countries.
Although the Articles prescribe a set of formal rules for electing directors, which do not mention constituencies at all, in practice the constituencies are a real force. There are no formally laid down rules governing the relationships between directors and their constituents that we can study. But in practice those member countries which do not have the right to appoint their own director are arranged into geographical groupings, whose members vote for the executive director who represents them. It is therefore natural to treat them as constituencies, since they are defined by the fact of the members voting for the executive director who casts their votes on their behalf.
Many of the constituencies have a powerful dominant member whose director is invariably elected -not least because (in five cases) his or her country has an absolute majority of the constituency votes -and so in effect these have become permanent board members. In these cases the other constituency members have no voting power in relation to the Executive Board. Two other constituencies have a practically dominant member who is not technically a dictator: those represented by Belgium and Netherlands. The other nine constituencies have no single dominant member and the chair rotates or changes otherwise.
In the discussion of the IMF it is customary to refer to the constituencies as if they operated just like any other in a representative democracy. Spokesmen for the IMF often refer to constituencies in these terms. Directors meet their constituencies at the annual IMF/World Bank meetings.
However there appears to be an issue of democratic legitimacy when one reads in the authoritative work on the governance of the IMF: "When members belonging to a given constituency hold different views on a subject, the executive director can put differing views on record but cannot split his or her vote. The resolution of such conflicts is for each director to decide and any director remains free to record an abstention or an objection to a particular decision. The system has a tempering impact and evidence shows that the decisions that finally result may well be the best that could be taken under the circumstances" (Van Houtven, 2002) .
We can distinguish two types of constituencies in terms of their composition by types of countries that make them up. Seven are mixed industrial, middle income and developing or transitional countries and nine are developing countries. Many of them, especially the mixed groups, have a member with a very large weight, usually an industrial country, which is dominant within the group and whose representative is invariably elected. Some constituencies have different arrangements for selecting their director and the office rotates; this may be the case where there is no one member who is dominant in terms of weight, such as the Nordic-Baltic constituency and also the two African constituencies; alternatively there may be two or three relatively dominant members among whom the office rotates but excluding the 
Conclusions
We have used the method of voting power analysis and power indices to analyse the voting system by which the IMF is governed and the recent reforms that have been made to it. We argue, and hopefully have demonstrated, that this approach provides valuable insights that help us better understand weighted voting systems.
The results for the voting power implications of the recent reforms are summarized in Table 6 We report three analyses of the reforms: first, their effect on the voting power relations in the Board of Governors, where all member countries have a voice; second, their implications for the distribution of voting power in the Executive Board among the 24 countries that are members of that body; and third, their implications for voting power with respect to representation on the Executive Board, where it is regarded formally as a delegate body using a two-stage voting procedure. The principal finding, from the first analysis, is that the voting power share of the United
States is always substantially much more than its weight, while for all other members, their voting power shares are slightly lower than their weights. Not only is the allocation of voting weight very unfair from the point of view of an ideal of "One person, One vote", with many large developing countries and emerging markets seriously under-represented, but this bias is compounded by the inequality in the distribution of weights and the voting rules. Table 6 reports the six biggest gainers and six biggest losers in terms of voting power shares for each of these three analyses. First, while the biggest gainers from the reforms in the Board of Governors are the emerging markets including China, Korea, India, Brazil and Mexico, the effects are quite small: for example the largest increase is that for China which is less than one percent of the total voting power. These increases are mainly at the expense of the voting power of some of the industrial countries including the biggest losers UK, France, Canada, and the Netherlands. All these effects are small which suggests that the reforms do not live up to some of the claims that have been made for them.
The second analysis is of the changes in the Executive Board. Again the biggest gainers are the emerging markets, China, India, Mexico, Brazil and the SouthEast Asian constituency represented either by Singapore or Malaysia. The biggest losers in voting power are the large industrial countries, this time including the USA.
The third analysis, of changes to voting power of member countries in relation to the Executive as a delegate body, shows more mixed results, with the biggest gainers being Korea, New Zealand and China, and the biggest losers the USA, Australia, the UK and France. All these effects are small however, and the overall conclusion must be that the reforms are insubstantial.
The results for the idealized two-level voting system we have assumed for the Executive Board and its constituencies suggest that such a system tends strongly to benefit the smaller developed European countries, notably Belgium and the Netherlands.. Also, from this point of view, almost a quarter of all members, mostly small developing countries, are completely powerless.
These results point to a serious limitation in the democratic legitimacy of the governance of the institution. The recent quota reforms, while claimed as being a major step towards improving the voice and representation of the poor countries and emerging economies are nothing of the sort. The changes are very small and give no cause for celebration.
